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ABSTRACT 



A receiver has a plurality of receiving systems con- 
nected to a plurality of antennas, respectively, and a 
selective switching circuit for carrying out selective 
switching between output signals from the plurality of 
receiving systems to output an output signal from a 
receiving system in the most satisfactory receiving 
state, wherein the selective switching circuit has a fuzzy 
inference operation unit for discriminating receiving 
states of respective receiving states by a fuzzy inference. 
Accordingly, it is possible to synthetically judge the 
receiving state of the receiver to easily and stably select 
the optimum receiving system in the receiver. 

8 Claims, 9 Drawing Sheets 
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. ceiving systems. To compensate such an unevenness in 

RECEIVER USING SELECTIVE DIVERSITY the operating characteristic (amplification degree), it is 

RECEIVING SYSTEM conceivable to use a gain controller. However, using 

BACKGROUND OF THE INVENTION 5 ^Lft^T^f "J % 

front end, etc. is not preferable m view of generation of 

This invent ion relates to a receiver, and more partic- noise. 

ularly to a radio receiver using a selective diversity 

receiving system. SUMMARY OF THE INVENTION 

Hitherto, as the receiving system using a plurality of with the above-described problems in view, an ob- 
antennas to provide an optimum^ receiving state, the 10 ject ofthis mvention is to provide a receiver capable of 
diversity receiving system is well known. For the diver- v-, . , pa , . ^ . . # F . , 
sity receiving syLm, there are systems such as the ^ *f f ^ bly + receivm S *«™ m * e 

selective diversity system, a switching diversity system, m< f re< f™S 

and the like. Explanation will now be given by taking an ^ accordance with this mvention, there is provided a 
example of the selective diversity system. I 5 receiver comprising a plurality of receiving systems 

In accordance with the selective diversity system, a connected to a plurality of antennas, respectively, and a 
plurality of receiving systems connected to respective selective switching circuit for carrying out selective 
antennas are sequentially selected by a selector to use, as switching between output signals from the plurality of 
a receiving signal, an output from a receiving system in receiving systems to output an output signal from a 
the most satisfactory receiving state. 20 receiving system in the most satisfactory receiving 

An example of the receiver of the conventional selec- state, wherein the selective switching circuit comprises 
tive diversity system will now be described. Hie re- discrimination means for respectively discrhninaring 
c^ver rougrJy comprises two ^eceivmg systems, a se- recdvin states of ^ rece iving systems by a fuzzy 
lector for selecting any one of outputs from these two batnm ^ Qn ^ 

receiving systems, and a diversity controller for con- 25 . • ^ . .v_ c "^&"<" a "« A " 

trolling the selector receiving systems to compare with each other dis- 

Each receiving system comprises a receiving circuit criminated ™& to the respective receiv- 

connected to an antenna to process an RF (Radio Fre- m S systems to output a select signal in the most satisfac- 
quency) signal to output a received signal, and a receiv- torv receiving system. 

ing level detection circuit for detecting a receiving level 30 According to this invention, a plurality of antennas 
► signal (e.g., an S-meter level signal) corresponding to a process an input signal from the antennas, respectively, 
field strength to output a receiving level signal. to output a received signal. 

In each receiving system, the receiving circuit re- A discrimination means discriminates receiving states 
ceives an RF signal from the antenna to output a re- of respective receiving system by a fuzzy inference 
ceived signal to the selector. The receiving level detec- 35 operation on the basis of received signals from the re- 
tion circuit detects a receiving level e.g., from an out- spective receiving systems to compare with each other 
put signal torn circuits succeeding to a detector of the discrirninated results with respect to respective receiv- 
receiving circuit to output a detection signal to the m systems, thus to a select signal in the most satisfac- 
diversity controller as a receiving level signal. tr^ iJ^^ 

The diversity controller outputs, to the selector, a 40 Z ^ 
selector control signal for selecting either of receiving - . ^f.^ct means out P uts ^ received 

systems on the basis of respective receiving level sig- agnal m ^ 111051 satisfactory receiving system on the 
nals. The selector selects either of received output sig- basis of 

nals on the basis of the selector control signal to output Therefore, the selective switching circuit can select 
a selected one as a selected received output signal. 45 receiving system in consideration of the operating char- 
Thus, the selector outputs an output signal correspond- acteristic with respect to each of the receiving system, 
ing to a receiving system in the most satisfactory receiv- Accordingly, a switching operation is carried out accu- 
ing state. rately. 

In this way, the receiver selects a receiving system in „ 

a more satisfactory receiving state from these two re- 50 BRIEF DESCRIPTION OF THE DRAWINGS 
ceiving systems to maintain a satisfactory receiving FIG. 1 is an explanatory view showing the principle 
state at all times. of this invention; c 

° However, the above-mentioned diversity receiver FIG. 2 is a block diagram showing a first embodi- 
has a problem that selection of the receiving system is ment; 

notnece^y precisely conducted. 55 FIG. 3a-(c) are an explanatory view of a member- 

Namely, the diversity controller generates a selector ^ p f unct j on . 

control signal either on the basis of a receiving level rrrr* a '10 t ^ « , . 

. signal, or on the basis of a noise level signal, and both " a 4 15 3 block sh °™S * second embod,- 

\ the received signal and the noise level are not consid- m Trr ' _. f . 

ered at the same time. As a result, there might occur 60 FIG * 5lsan explanatory view of a comparison unit; 

inconveniences such that if the receiving level is high, FIG * 6lsa block diagram showing a second embodi- 

the received signal is selected even in the case where ment of a <p ver sity receiver; 

the level of the noise signal is high, so an optimum FIG * 7 is an explanatory view showing the states 
receiving system is not necessarily selected. before and after the membership function is altered; 

On the other hand, when attention is drawn to the 65 FIG. 8 is an explanatory view of a receiving circuit 
internal problem of the receiving system, there are in- selective operation; and 

stances where there may occur small differences in the FIG. 9 is an explanatory view showing a conven- 
power gain of the front ends of the two respective re- tional diversity receiver. . 
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^^^^.^-twt.^^^t ^^^^^^^ signal level included in the received output signal Bj to 

DESCRIPTION OF TTHE PREFERRED 0 ^, ut itasafirst noise level ^ the diversity 

EMBODIMENTS controller 400. 

As conducive to a full understanding of the nature Similarly, in the second receiving system Ri, a second 
and utility of the present invention, a brief consideration 5 receiving level signal S2 is outputted from the second 
of a typical conventional receiver will be first presented receiving level detection circuit 202, to the diversity 
below with reference to FIG. 9 principally for the pur- controller 400, and a second noise level signal N2 is ^ 
pose of comparison therebetween. outputted from the second noise level detection circuit 

As the receiving system using a plurality of antennas 103 to the diversity controller 400. ^ 
to provide an optimum receiving state, a diversity re- 10 Thus, the diversity controller 400 outputs, to the 
ceiving system is known. The diversity receiving sys- selector 300, a selector control signal E for selecting 
^tem includes a selective diversity system. one G f receiving systems on the basis of respective 

The receiver comprises first and second receiving receiving level signals Si and S 2 , or respective noise 
systems Ri, R2, a selector 300 for selecting any one of level signals Ni and N2. 

the outputs from these two receiving systems Ri,R 2 and 15 The selector 300 outputs a selected signal on the basis 
£ diversity controller 400 for controlling the selector of dth er ^ receiving level signals (S-meter level) Si, 

S2 or noise level signals Ni, N 2 . 
The first receiving system Ri comprises a first receiv- ^ the selection operation of the selector 300 is 

mg circuit 100 connected to an antenna ANT1 to pro- not out ^ consideration of both Factors of the 

cess an RF (Radio Frequency) signal Ai to output a 20 s . meter ieve3 md ±c noise level at the same time, 
received signal B b a first receiving level detection cir- ^ ^ ^ ^ even tf ^ S -meter level 

curt 102 for detecting a receiving level signal (eg., an h sufficientl ^ ^ noise leveI h ^ ^ ^ 
S-meter evel^gnal) correspondmg to a field strength eyen tf ^ noise 7 evel is low , ^ s-meter level is also 
o output a first receiving level signal, and a first noise manner, a conventional receiver cannot 

level detection circuit 103 for detecting a signal level of 25 necegsarilv maintain ' satisfactory receiving state at all 
noise included in the received output signal Bi to output ^ Sanly nmntam a sansiactory receiving state at all 
a first noise level signal. The first receiving circuit 100 -f^ ^ , r AU . . ^ .„ 

is composed of a front end (not shown), an intermediate . f mven^on will now 

frequencyamplifier, and a detector, etc. The first level be desenbed with reference to the attached drawings 
detection circuit 102 detects a receiving level signal S,, 30 e of *"» mventlon K descnbed ^ ref " 

e.g., from an output signal extracted from circuits sue- erence t0 FIG. 1* 

ceeding to the intermediate frequency amplifier or de- A receiver 1 of this invention comprises a plurality of 
lector. The first noise level detection circuit 103 is com- receiving systems 2-1, 2-2, . 2-n connected to a plural- 
posed of, e.g., a high-pass filter (not shown) to detect a lt V of antennas ANTI-ANTn, respectively, and a selec- 
noise level from an output signal level of the high-pass 35 * v ? switching circuit 5 for carrying out selective 
fil^ switching between output signals from said plurality of 

The second receiving system R 2 includes, in the same receiving systems 2-1, 2-2, ... 2-n to output an output 
manner as in the first receiving system Ri, a second of a receiving system in the most satisfactory 

receiving circuit 200, a second receiving level detection receiving state. The selective switching circuit 5 corn- 
circuit 202, and a second noise level detection circuit 40 P 1 ^ o^rirnination means 3 for Discriminating receiv- 
203. Further, in the second receiving system R 2 , a gain m S states of respective receiving systems by a fuzzy , 
controller for controlling or adjusting a difference be- inference operation on the basis of received signals from^-^ 
t ween the operating characteristic of the second receiv- tne respective receiving systems to compare with each 
ing system R 2 and that of the first receiving system Ri other discriminated results with respect to said respec- 
is provided in the second receiving circuit 200. For 45 tive receiving systems, thus to output a select signal inj 
example, a volume for gain control is provided at the most satisfactory receiving system, 

output terminal of a front end (not shown). A first embodiment of this invention will be first 

The diversity controller 400 outputs, to a selector described with reference to FIG. 2. FIG. 2 shows a case 
300, a selector control signal E for selecting any one of where two receiving systems are provided, 
the first and second receiving systems on the basis of a 50 A receiver 10 roughly comprises a first receiving 
receiving level signal and a noise level signal of the first system Ri connected to an antenna ANT1, a second 
or second receiving system Ri or R 2 . receiving system R 2 connected to an antenna ANT2, a 

The selector 300 outputs, as a selected received out- selector 41 for selecting any one of the first and second 
put signal D, the above-mentioned output signal pro- receiving systems Ri, R 2 and a diversity controller 30 
vided by applying switching selection to output signals 55 for controlling the selector 41. 
from the first and second receiving systems Rj, R 2 on The first receiving system K\ comprises a first receiv- 
the basis of a selector control signal E from the diversity ing circuit 11 for processing an RF signal Ai from the 
controller 400. antenna ANT1 to output a received signal Bi, a first 

The operation of the conventional receiver will now receiving level detection circuit 12 for detecting a re- 
be described. 60 ceiving level signal (e.g„ S-meter level signal) corre- 
In the first receiving system Ri, the first receiving sponding to a field strength to output a first receiving 
circuit 100 receives an. RF signal Ai from the antenna level signal Si, and a first noise level detection circuit 13 
ANTI connected thereto to output a received signal Bj. for detecting a signal level of noise included in the re- 
The first receiving level detection circuit 102 detects a ceived output signal Bi to output a first noise level 
receiving level, e.g., from .an output signal from circuits 65 signal Ni. The receiving circuit 11 comprises a front 
succeeding to a detector (not shown) of the first receiv- end (not shown), an intermediate frequency amplifier, 
>i ing circuit 100 to output a first receiving level signal S]. and a detector, etc. The first level detection circuit 12 
The first noise level detection circuit 103 detects a noise serves to detect a receiving level signal Si, e.g., an out- 
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put signal from circuits succeeding to the intermediate max method, etc. on the basis of the grades of these 

amplifier or the detector. respective signal levels (FIG. 3(c)) to output e first 

The second receiving system R2 comprises, in the fuzzy inference result signal Fi corresponding to that 

same manner as in the first receiving system Ri, a sec- grade. Similarly, the second fuzzy inference unit 32 

ond receiving circuit 21, a second receiving level detec- 5 outputs a second fuzzy inference result signal on the 

tion circuit 22 fop outputting a second receiving level basis of a membership function set in advance by using 

signal S2» and a second noise level detection circuit 23 the second receiving level signal S2 end the second 

for outputting a second noise level signal N2 on the basis noise level signal N2. Thus, the comparison unit 33 

of noise included in the received output signal B2. outputs a selector control signal E for selecting the first 

The diversity controller 30 includes a CPU and a 10 or second receiving system in a more satisfactory re- 
memo memory to perform a fuzzy ; inference operation ceiving state on the basis of those fuzzy inference result 
by a program and a membership function included signals Fi and F2- 

therein. More particularly, this controller 30 comprises The first selector 41 selectively outputs, as a received 

a fuzzy inference operation on the basis of the first output signal C a received signal in any one of the 

receiving level signal Si and the first noise level signal 15 receiving systems Ri, R2 on the basis of the selector 

Ni to output a first fuzzy inference result signal Fi , and control signal £. 

a second fuzzy inference section 32 for performing a For example, as shown in FIG. 3(a), suppose that the 

fuzzy inference operation on the basis of the second level of the signal Si is relatively low (level li) and that 

receiving level signal S2 and the second noise level the level of the noise level signal Ni is low (level I2), the 

^s^. signal N2 to output a second fuzzy inference result sig- 20 receiving condition is determined to be in an intermedi- 

^nal F2. The controller 30 further comprises a compari- ate state (condition Q) by selecting the lower grade 

son unit 33 adapted to output a selector control signal E with respect to a membership function of FIG. 3(c). 

for selecting any one of the first and second receiving Further, suppose that the level of the signal S2 is rela- 

^ systems R 1, R2 on the basis of the first and second fuzzy tively low (level h) and that the level of the noise signal 

>a inference result signals Fi and F2. 25 N2 is relatively high, the receiving condition is deter- 

^^^^^ The comparison unit 33 is composed of, e.g„ a com- mined to be relatively good (condition C2). Then, the 

^-O\parator. two conditions Ci, C2 are compared with each other 

The selector 41 carries out switching between re- through the comparison unit 33 to select the second 

ceived signals Bi and B2 on the basis of the selector receiving system R2. 

control signal E to output a selected one as a received 30 In this manner, a better receiving system can be se- 

' output signal C. lected alternately as shown in FIG. 8. 

The operation of the above-mentioned first embodi- As described above, in accordance with this embodi- 
ment will now be described. ment, an approach is employed to carry out the fuzzy 
In the first receiving system Rt, the first receiving inference on the basis of-the receiving level signals and 
circuit 11 processes an RF signal Ai from the antenna 35 the noise level signals of the respective receiving sys- 
ANT1 to output a received signal Bi. The first receiv- terns to compare fuzzy inference results of the respec- 
ing level detection circuit 12 detects a receiving level, rive receiving systems with each other thereby to make 
e.g., from an output signal extracted from circuits sue- a selection of .the receiving systems. Thus, the optimum 
ceeding to a detector (not shown) of the first receiving receiving system can be easily selected without setting 
circuit 11 to output a first receiving level detection 40 in advance a rigorous condition for the optimum receiv- 
signal Si- The first noise level detection circuit 13 de- ing state, 
tects the level of a noise signal included in the received 

signalBi to output a first noise level detection signalNi. Second Embodiment 

Similarly, in the second receiving system R2, the A second embodiment of this invention will now be 

second receiving circuit 21 processes an RF signal Ai 45 described with reference to FIG. 4. FIG. 4 shows a 

inputted from the antenna ANT2 to output a received receiver 70 having two receiving systems Ri, R2. The 

signal B2. The second receiving level detection circuit same reference numerals are attached to the same por- 

22 detects a receiving level, e.g., from an output signal tions as those of the first embodiment, respectively, and 

from circuits succeeding to a detector (not shown) of their explanation will be conducted, 

the second receiving system R2 to output a second re- 50 The second embodiment differs from the first em- 

ceiving level signal S2. The second noise level detection bodiment in that the comparison unit 33 has a hysteresis 

circuit 23 detects the level of a noise signal included in characteristic in order that switching of the receiving 

the received signal B2 to output a second noise level system is not frequently carried out -when the receiving 

detection signal N2. level signal suddenly changes, and that there is pro- 

To the diversity controller 30, the first and second 55 vided in the comparison unit 33 a hysteresis characteris- 

receiving level signals Si end S2, end the first end sec- tic alteration section 34 having a function to alter the 

ond noise level signals. Ni end N2 are inputted The first hysteresis characteristic on the basis of a receiving level 

fuzzy inference unit 31 outputs a first fuzzy inference signal. 

result signal F\ on the basis of a membership function set The comparison unit 33 provided with the hysterisis 
in advance by using the first receiving level signal Si 60 characteristic alteration section 34 comprises, as shown 
and the first noise level signal Ni. More practically, the in FIG. 5(a), a Schmitt circuit 36 including an opera- 
grade of the first receiving level signal Si is first deter- tional amplifier 35, two input resistors Ri and R2, and a 
mined from the membership function (FIG. 3(a)) show- group of feedback resistors R3 which can be switched, a 
ing the level of the first receiving level signal Si. Then, switching instructing section 37 adapted to output a 
the grade of the first noise level signal is determined on 65 switching instruction signal G for carrying out selective 
the basis of the membership function (FIG. 3(b)) show- switching between feedback resistors R3 on the basis of 
ing the level of the first noise level signal Ni. Further, a receiving level signal corresponding to a receiving 
the grade of the receiving state is determined by Mini- system selected on the basis of the selector control sig- 
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nal E, and a changeover switch 38 or carrying out selec- tory receiving state with ease and stably to maintain a 
tive switching between feedback resistors R3& R3& Ri c satisfactory receiving state. 

on the basis of the switching instruction signal G. While, in the above-described second embodiment, 

The operation of the second embodiment will now be switching between feedback resistors of the Schmitt 
described. 5 circuit 36 is carried out on the basis of one receiving 

In the first receiving system Ri, the first receiving i eve l signal, there may be employed an arrangement 
circuit 11 processes an RF signal Ai inputted from the such that this switching is carried out by using a mean 
antenna ANT1 to output a signal such as a received value of reS pective receiving level signals Si, S 2 . Fur- 
signal B,, etc. The first receiving level detection circuit ther> ^ ma be ^ arrangement such that weighting 
12 detects a receiving level from an inputted signalto 10 ^ a ^ to respective receiving level signals to use a 
output a first receiving level detection agnal Si. The mean yalue of £ wei hted 4^ ^ Jfi^ while 
first noise ievel detection circuit 13 detects the level of .... e j U , ^ , . /, 

a noise signal included in the received signal Bi to out- S ™ * A ^ ^ f ""^ °? 

put a first noise level detection signal ste ^ «"* a s^tching ^continuously earned out 

Similarly, in the second receiving system R 2 , the l5 ^ WMe ^P^f ^ &™ <fv of 
second receiving circuit 21 processes an RF signal in- m the above-desenbed respec- 

putted from the antenna ANT2 to output a received tive embodiments, this invention can be applied to the 
signal B 2 . The second receiving level detection circuit 08865 of three recaviD g systems or more. 
22 detects a receiving level from an inputted signal to 1x1 accordance Wlth *h* invention, since the receiving 
output a second receiving level signal S2. The second ^ states of respective receiving systems are determined by 
noise level detection circuit 23 detects the level of a ^ fuzz y inference operation, it is possible to syntheti- 
noise signal included in the received signal B 2 to output callv judge the receiving state without making in ad- 
a second noise level detection signal N 2 . vance setting of a rigorous condition for selection of the 

To the diversity controller 30, first and second re- optimum receiving system to select the optimum receiv- 
ed ving level signals Si and S 2 and first and second noise 25 m & system with ease and stably, 
level signals Ni and N 2 are inputted. The first fuzzy Another embodiment of this invention will now be 
inference unit 31 outputs a first fuzzy inference result described with reference to FIGS. 6 and 7. FIG. 6, 
signal Fi on the basis of a membership function set in shows a case where two systems Ri, R 2 are provided in 
advance by using the first receiving level signal Si and a receiver 80. The same reference numerals as those of 
the first noise level signal Ni. The second fuzzy infer- 30 the first embodiment are attached to portions which can 
ence unit 32 outputs a second fuzzy inference result carry out the same function and operation as those of 
signal F 2 on the basis of a membership function set in the first embodiment, respectively, and explanation will 
advance by using the second receiving level signal $2 be conducted. 

and the second noise level signal N 2 . The switching The receiver 80 roughly comprises a first receiving 
instructing unit 37 outputs a switching instruction signal 35 system Ri connected to the antenna ANT1, a second 
G for carrying out selective switching between feed- receiving system R\ connected to the antenna ANT2, a 
back resistors R3 on the basis of a receiving level signal selector 40 for selecting any one of outputs from the 
corresponding to the selector control signal E. Thus, first and second receiving systems Ri, R 2 and a diversity 
selective switching between feedback resistors R 3a , R3*, controller 30 for controlling the selector 41. 
R 3c of the Schmitt circuit 36 is carried out by means of ^ The first receiving system Ri comprises a first receiv- 
the changeover switch 38. As a result, the hysteresis mg circuit n for processing an RF signal A] from the 
voltage W (see FIG. 5(6)) is expressed as follows: antenna ANT1 to output a received signal B u a first 

„ 0 r(r> t} wh/ receiving level signal detection circuit 12 for detecting 

a receiving level signal (e.g., S-meter level signal) corre- 

where V, is a power supply voltage on the plus side and *S fP 0 ^ *> a fid f *> out P* a fot receivin f 

V 2 is a power supply voltage on the minus side. l eve ] slgnaI Sl ' and a n f 1S * le Y el det f^ on 13 

Accordingly, in the case where the receiving state is fo * ^ecun g * signal level of noise included in the re ; 

not good, when selection between the feedback resis- ceived output signal Bi to output a first noise level 

tors R3* K 3b> R 3c is carried out so that the hysteresis N >- The^ first receivmg circuit 11 comprises a 

voltage Vff becomes large, there is no possibility that a 50 front end (not shown), an intermediate frequency ampli- 

select control signal E outputted from the comparison fier > 211(1 a detector, etc. The first receiving level detec- 

unit is frequently switched, thus making it possible to tion circuit 12 detects a receiving level signal S u e.g., 

carry out a stable receiving operation. from m output signal from circuits succeeding to the 

The selector 41 selectively outputs a received signal intermediate frequency amplifier or the detector. The 

in any one of receiving systems Ri, R 2 as a received 55 first noise level detection circuit 13 is composed of, e.g., 

output signal C on the basis of a selector control signal a high-pass filter (not shown) to detect the noise level 

E, hy the output signal level of the high-pass filter. 

As described above, in accordance with this embodi- The second receiving system R 2 includes, in the same 

ment, there is employed an arrangement such that when manner as in the first receiving system Ri, a second 

the receiving state is not good, the hysteresis voltage 60 receiving circuit 21, a second receiving level detection 

becomes large, thus preventing the receiving system circuit 22 for outputting a second receiving level signal 

from being switched frequently, while when the receiv- S 2 , and a second noise level detection circuit 23 for 

ing state is good, the hysteresis voltage Vjy is reduced, outputting a second receiving level signal N 2 . 

thus to immediately select the optimum receiving sys- The diversity controller 30 comprises a fuzzy infer- 

tern. Accordingly, in the case where the received signal 65 ence unit 51 including a CPU to discriminate the receiv- 

level changes suddenly, occurrence of switching noise, ing states of respective receiving systems by the fuzzy 

etc. due to unnecessary switching is reduced, thus mak- inference on the basis of the receiving level signal Si or 

ing it possible to select a receiving system in a satisfac- S 2 , and the noise level signals Ni and N 2 of the first or 
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second receiving system Ri or R2 in accordance with a 
program included to output a selector control signal £ 
for selecting any one of the first and second receiving 
systems Ri, 

The fuzzy inference unit 51 comprises a membership 5 
function alteration section 52 for altering the member- 
ship function with respect to each of receiving systems 
Ri, R2 on the basis of unevenness of the operating char- 
acteristics of the respective receiving systems Ri, R2. 
This membership function alteration section 52 serves 10 
to provide the optimum membership function in corre- 
spondence with the operating characteristics of the 
respective receiving systems. 

The membership function alteration section 52 func- 
tions as follows. 15 

For example, assuming now that the membership 
function shown in FIG. 1(a) is in the state where it is not 
altered, where RF signals inputted to the first and sec- 
ond receiving systems Ri, R2 are the same, when the 
second receiving level signal S2 is smaller than the first 20 
receiving level signal Si, the membership function alter- 
ation section 52 serves to shift, as shown in FIG. 1(b), a 
membership function with respect to the level of a re- 
ceiving level signal applied to the second receiving 
level signal S2 (the solid line indicates the shifted mem- 
bership function). Thus, the second receiving level sig- 
nal S2 from the second receiving circuit 21 is not sub- 
jected to influence by unevenness of the operating char- 
acteristic. As a result, the receiving state can be pre- 3Q 
cisely discriminated. 
k The operation of another embodiment will now be 
described. 

In the first receiving system Ri, the first receiving 
circuit 11 processes an RF signal Ai from the antenna 35 
ANTI to output a received signal Bi. The first receiving 
level detection circuit 12 detects a receiving level, e.g., 
from an output signal from circuits succeeding to a 
detector (not shown) of the first receiving circuit 11 to 
output a first receiving level signal Sj. The first noise 40 
level detection circuit 13 detects the level of a noise 
signal included in the received signal B\ to output a first 
noise level signal Ni. 

Similarly, in the second receiving state, the second 
receiving circuit 21 processes an RF signal Ai inputted 45 
from the antenna ANT2 to output a received signal B2. 
The second receiving level detection circuit 22 detects 
the receiving level, e.g., from an output signal from the 
state succeeding to a detector (not shown) of the second 
receiving circuit to output a second receiving level 50 
signal S2. The second noise level detection circuit 23 
detects the level of a noise signal included in the re- 
ceived signal B2 to output a second noise level signal 

To the diversity controller 30, the first and second 55 
receiving level signals Si and S2, and the first and sec- 
ond noise level signals Ni and N2 are inputted. The 
fuzzy inference unit 51 performs a fuzzy inference by 
using membership functions altered with respect to 
each of receiving systems Ri, R2 to output a selector 60 
control signal E for selecting any one of first and second 
receiving systems Ri, R2 in a more satisfactory receiv- 
ing state. Therefore, it is not necessary to provide a gain 
controller of the front end of a system. 

The selector 41 selectively receives a received signal 65 
of either the receiving system Ri or R2 on the basis of 
the selector control signal £ to output a selected one as 
the output signal C. 
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As described above, in accordance with this embodi- 
ment, it is possible to alter the membership function in 
consideration of the operating characteristics with re- 
spect to each of the receiving systems Ri, R2. Accord- 
ingly, selective switching operation is carried out with- 
out being subjected to the influence of the operating 
characteristics of respective receiving systems Ri, R2, 
thus making it possible to select the optimum receiving 
system. . 

While explanation has been given in the above-men- 
tioned embodiments only in the case where the mem- 
bership function is shifted, there may be employed an 
arrangement to alter the gradient of the membership 
function, or to make an alteration to different functions. 
Further, alteration of the membership function can bet 
carried out by making use of software, but there may beft 
employed an arrangement to alter the membership func- 1 
tion by using hardware, Le., controlling, e.g., a function 
generator. Further, when there is employed an arrange- 
ment in which a reference signal generator is provided 
to permit the same reference signal (e.g., RF signal) to 
be inputted in respective receiving systems Ri, R2, it is 
possible to alter the membership function in correspon- 
dence with changes in the operating characteristics 
with lapse of time of respective receiving systems Rj, 
R2. Further, there may be employed an arrangement in 
which a circuit for detecting the operating environment 
of the receiver such as temperature around the receiver 
is provided to alter the membership function on the 
basis of the operating environment 

In addition, while explanation has been given in the 
above-described embodiments only in the case of two 
systems, this invention may be applied to the case of 
three systems or more. 

In accordance with this invention, the fuzzy infer- 
ence unit for discriminating states of respective receiv- 
ing systems by the fuzzy inference is provided in the 
selective switching circuit. In this fuzzy inference unit, 
a membership function alteration section having a func- 
tion to alter the membership function with respect to 
each of the systems is provided. Thus, the optimum 
receiving system can be selected without being sub- 
jected to the influence by unevenness of the operating 
characteristics of respective receiving systems. 

What is claimed is: 

1. A receiver, comprising; 

a plurality of receiving systems connected to a plural- 
ity of respective antennas; and 

a selective switching circuit for carrying out selective 
switching between output signals from said plural- 
ity of receiving systems to output a selected output 
signal of a receiving system having the most satis- 
factory receiving state, 

said selective switching circuit comprising means for 
discriminating receiving states of respective receiv- 
ing systems, said discrimination means comprising 
means for performing a fuzzy inference operation 
on the basis of a predetermined membership func- 
tion and the output signals from the respective 
receiving systems and means for comparing dis- 
criminated results with each other with respect to 
said respective receiving systems, thus to output 
the selected output signal of the most satisfactory 
receiving system, wherein said means for perform- 
ing a fuzzy inference operation comprises a fuzzy 
inference operation unit for performing a fuzzy 
inference operation on the basis of field strength 
detection signals and noise detection signals ex- 
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tracted from said output signals of the respective 
receiving systems to output an inference result 
signal, and said means for comparing comprises a 
comparison unit for comparing with each other 
said respective inference result signals to output a 5 
selected signal for selecting a receiving system 
having the most satisfactory state. 

2. A receiver as set forth in claim 1, wherein said 
discrimination means has a hysteresis characteristic. J0 

3. A receiver, comprising: 

a plurality of receiving systems connected to a plural- 
ity of respective antennas; and 

a selective switching circuit for carrying out selective 
switching between output signals from said plural- 15 
ity of receiving systems to output a selected output 
signal of a receiving system having the most satis- 
factory receiving state, 

said selective switching circuit comprising means for 
discriminating receiving states of respective receiv- 20 
ing systems, said discrimination means comprising 
means for performing a fuzzy inference operation 
on the basis of a predetermined membership func- 
tion and the output signals from the respective 
receiving systems and means for comparing dis- 25 
criminated results with each other with respect to 
said respective receiving systems, thus to output 
the selected output signal of the most satisfactory 
receiving system, wherein said .means for perform- 
ing a fuzzy inference operation comprises a fuzzy 30 
inference operation unit for performing a fuzzy 
inference operation on the basis of field strength 
detection signals and noise detection signals ex- 
tracted from said output signals of the respective 
receiving systems to output an inference result 
signal, and said means for comparing comprises a 
comparison unit for comparing with each other 
said respective inference result signals to output a 
selected signal for selecting a receiving system ^ 
having the most satisfactory state, 

wherein said discrimination means has a hysteresis 
characteristic, and 

wherein said discrimination means further comprises 
a hysteresis characteristic alternation unit for alter- 45 
ing said hysteresis characteristic at the time of com- 
parison on the basis of the output signals from said 
receiving system. 
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4. A receiver as set forth in claim 3, wherein said 
hysteresis characteristic alteration unit includes means 
for altering the hysteresis characteristic on the basis of 
said field strength detection signals of said respective 
receiving system. 

5. A receiver as set forth in claim 4, wherein said 
hysteresis characteristic alteration unit includes means 
for altering the hysteresis characteristic on the basis of 
a mean value of field strength detection signals of said 
respective receiving systems. 

6. A receiver as set forth in claim 4, wherein said 
hysteresis characteristic altering means comprises feed- 
back resistors connected between the input and output 
terminals of an operational amplifier constituting a 
Schmitt circuit and means for switching said feedback 
resistors. 

7.. A receiver, comprising: 

a plurality of receiving systems connected to a plural- 
ity of respective antennas; and 

a selective switching circuit for carrying out selective 
switching between output signals from said plural- 
ity of receiving systems to output an output signal 
of a receiving system having the most satisfactory 
receiving state, 

said selective switching circuit comprising means for 
discriminating receiving states of respective receiv- 
ing systems, said discrimination means comprising 
means for performing a fuzzy inference operation 
on the basis of a predetermined membership func- 
tion and received signals from the respective re- 
ceiving systems and means for comparing discrimi- 
nated results with each other with respect to said 
respective receiving systems, thus to output a se- 
lected signal of the most satisfactory receiving 
system, 

wherein said selective switching circuit further com- 
prises a fuzzy inference operation unit for discrimi- 
nating receiving states of respective receiving sys- 
tems by a fuzzy inference operation, respectively, 
said fuzzy inference operation unit comprising a 
membership function alteration section including 
means for altering the membership function with 
respect to each of the systems. 
S. A receiver as set forth in claim 7, further compris- 
ing means for changing the membership function in 
correspondence with a receiving state of any one of said 
plurality of receiving systems. 

* * * * « 
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